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Abstract 
Poultry by-products and rainbow trout (Onchorhynchus mykiss) viscera are abundant and 
underutilized resources that can be used as a unique protein source to make protein 
hydrolysates. In this study protein hydrolysate were made from these two different sources 
with Alcalase 2.4L. The functional properties of Fish viscera protein hydrolysate (FPH) 
compared to poultry by-products protein hydrolysate (PPH) were studied: Solubility, water 
holding capacity (WHC), oil absorption capacity (OAC), colour, emulsifying and foaming 
properties. Furthermore, the products were characterized by analyzing their amino acid 
composition. WHC, emulsifying activity, emulsifying stability and foaming properties and 
color of the FPH was significantly (P < 0.05) higher than PPH, while OAC was not 
significantly (P > 0.05) different. Methionine and histidine in both protein hydrolysates were 
the limiting amino acids and FPH had more hydrophobic residue. The differences in the 
amino acid composition between PPH and FPH may also be responsible for their different 
behaviours at various pH. 
Keywords: Protein hydrolysate, Rainbow trout viscera, Poultry by-products, Functional 
properties, Alcalase  
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Introduction 
The use of fish waste has been of 
increasing interest in past years. It is 
considered to be a safe, high-protein 
material with many nutritional benefits, 
and a good pattern of essential amino acids 
(Guerard et al., 2001). Rainbow trout is the 
major aquaculture cold freshwater fish in 
Iran, with 73,642 tons being harvested 
annually, leaving a negotiable amount of 
viscera in related industries (FAO, 2011). 
Traditionally, fish wastes have been partly 
used to prepare fish feeds. 
Also Iran produces about 1.6% of 
73,402,695 tons indigenous poultry meat, 
annually produced worldwide (FAO, 
2009). By-products of the poultry industry, 
which include viscera, bone, blood, head, 
feet, and feathers, constitute 28–30% of 
the total weight (Ockerman and Hansen, 
2000). These by-products are the most 
agricultural wastes and rich in both protein 
and proteolytic enzymes. Notwithstanding 
reports on utilizing poultry viscera as a 
source of protein in animal feed (Ibid), no 
report on poultry by-products have been 
recorded to date. 
Many of these protein-rich by-
products  have a  range of  dynamic 
properties that can potentially be used in 
food systems as binders, emulsifiers, and 
gell ing agents (Balt i  et  al . ,  2010). 
Improving the functional properties of 
these proteins, including solubility, water 
holding, oil holding, emulsifying, and 
foaming characteristics are a major 
challenge for food science. One alternative 
is to produce a form of concentrated 
protein product that may be used as food 
ingredients due to the capability of their 
functional properties (Liceaga-Gesualdo 
and Li-Chan, 1999). Enzymatic hydrolysis 
is a good way to protein recovery from by 
products  and produce value added 
products from wastes (Gildberg et al., 
2002; Šližytė et  al . ,  2009).  Unlike 
mechanical or chemical treatments that 
often damage the product and reduce 
product nutrition, enzymatic proteolysis is 
mild, fast and controllable (Kristinsson 
and Rasco, 2000). Use of proteolytic 
enzymes is often an attractive means for 
improving functional properties of food 
proteins, without losing their nutritional 
v a l u e .  P r o d u ce d  hy d r o l y s a t e s  b y 
enzymatic treatment are containing well 
defined peptide profiles and there is an 
extensive review on the application of 
enzymatic protein hydrolysates in human 
n u t r i t i o n  ( C l e m e n t e ,  2 0 0 0 ) .  T h e 
application of enzyme technology to 
recover and modify fish proteins may 
produce a broad spectrum of food 
ingredients and industrial products for a 
wide range of applications. The enzymatic 
treatment of proteins generates peptides 
and amino acids, which can modify the 
biological and functional characteristics of 
the proteins and improve their quality and 
offers interesting opportunities for food 
app l i ca t ions  ( Ba l t i  e t  a l . ,  2010) .  
Under controlled conditions, 
enzymatic hydrolysis influences the 
molecular size, hydrophobicity, and polar 
groups of the hydrolysate (Adler-Nissen, 
1986; Kristinsson and Rasco, 2000). The 
characteristics of the hydrolysate directly 
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affect its functional properties (Kristinsson 
and Rasco, 2000). Protein hydrolysates 
have excellent solubility with a high 
degree of hydrolysis (Klompong et al., 
2007). The high solubility of fish protein 
hydrolysate over a wide pH range is a 
useful characteristic for many food 
applications. Furthermore, it influences 
other functional properties, such as 
emulsifying and foaming properties 
(Kristinsson and Rasco, 2000; Gbogouri et 
al., 2004). Conversely, a very high degree 
of hydrolysis has adverse effects on the 
functional properties (Kristinsson and 
Rasco, 2000). Different industrial enzymes 
have been used for this propose where 
Alcalase has been shown to give good 
functional properties (Kristinsson and 
Rasco, 2000). 
Several underutilised aquatic sources have 
been investigated for the production of 
functional protein hydrolysates; these 
include Clupea harengus (Hoyle and 
Merritt, 1994; Sathivel et al., 2003), 
Selaroides leptolepis (Klompong et al., 
2007), Mallotus villosus (Shahidi et al., 
1995), and Merluccius productus 
(Benjakul and Morrissey, 1997) Cirrhinus 
mrigala (Chalamaiah et al., 2010). It 
seems recovered proteins from fish viscera 
such as rainbow trout may be modified to 
improve their quality and functional 
characteristics by enzymatic hydrolysis, 
which has been developed to convert 
under-utilized fish and their by-products 
into marketable and acceptable forms. 
Also this procedure may be able to use for 
the treatment of poultry by-products 
(Taheri et al., 2011). The objective of this 
study was to establish the feasibility of 
enzymatic hydrolysis using Alcalase to 
increase the potential commercial value of 
most underutilized by-products (rainbow 
trout viscera and poultry by-products) by 
yielding value-added products with 
improved functional properties. 
 
Materials and methods 
Poultry by-products (head and leg) were 
prepared from Tehran Slaughter House 
(Iran), and rainbow trout viscera were 
prepared fresh from fish market (Tehran, 
Iran), and then stored at -20°C before 
analysis. Alcalase (declared activity of 2.4 
AU/g and density of 1.18 g/ml) was 
provided by the Iranian branch of the 
Danish company, Novozyme. All chemical 
reagents used for experiments were of 
analytical grade. 
 
Preparation of protein hydrolysates 
To establish the parameters that would 
provide protein hydrolysate with the same 
degree of hydrolysis, a pilot study by 
response surface methodology (RSM) was 
conducted (data not shown). The rainbow 
trout viscera and poultry by-products (head 
and leg) were first minced in a blender 
(Hootkhash Co., Iran) then heated at 85 °C 
in a water bath for 20 minutes (Guerard et 
al., 2002). The samples were mixed with 
distilled water 1:2 (w:v) and homogenized 
for 2 minutes. Alcalase was added to the 
substrate (0.07 AU/g protein for poultry, 
and 0.06 AU/g protein for trout viscera). 
All reactions were performed in a shaking 
incubator with constant agitation (200 
rpm) at the optimum temperatures 
(52.51°C for poultry by-products and 
50.32 °C for trout viscera based on RSM 
results). Following treatment, the reaction 
was terminated by heating the solution at 
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95 °C for 20 minutes (Guerard et al., 
2002). The hydrolysates were then 
centrifuged at 6700 × g for 20 minutes 
(Hermle labortechnik GmbH, Z 206A, 
Korea). Degree of hydrolysis was 
estimated using the methods of Hoyle and 
Merritt (1994). The supernatant was then 
freeze-dried, ground into a fine powder 
and stored at 4°C in a dessicator for the 
next analysis. 
 Proximate composition 
Proximate analysis of the raw materials 
and the protein hydrolysates were 
performed according to the procedures 
outlined by the Association of Official 
Analytical Chemists for moisture, ash, and 
protein, (AOAC) (1995). The total fat was 
extracted with a mixture of chloroform and 
methanol by following the methods of 
Bligh and Dyer (1959). 
 Solubility 
In 20 ml of deionized water, 200 mg of 
protein hydrolysate were dispersed, and 
the mixture’s pH was adjusted to between 
2-12. Each mixture was stirred at room 
temperature for 30 minutes and 
centrifuged at 7500 × g for 15 minutes.  
The protein content of each supernatant 
was determined using the Biuret method; 
the total protein content was determined 
following solubilization of the sample in 
0.5 N NaOH (Robinson and Hodgen, 
1940). Protein solubility was calculated as 
follows: 
Water holding capacity (WHC) 
The water holding capacity (WHC) was 
determined using the method described by 
Rodriguez-Ambriz et al. (2005). Protein 
samples (100 mg) were mixed with 1000 
µl of distilled water using a stirrer. The 
protein suspension was then centrifuged at 
1800×g for 20 minutes at 22 °C. The 
supernatant was decanted, and the tube 
was drained at a 45°angle for 10 minutes.   
Oil absorption capacity (OAC) 
OAC was determined using the method 
described by Lin and Zayas (1987); 100 
mg of protein sample was vortex with 
1000 µl of sunflower oil for 30 sec. The 
resulting emulsion was incubated at room 
temperature for 30 minutes, and then 
centrifuged at 13600×g for 10 minutes at 
25 °C. The supernatant was decanted and 
drained at a 45° angle for 20 minutes.  The 
volume of oil absorbed equals the 
sample’s fat absorption capacity. 
 Emulsifying properties 
The emulsifying activity index (EAI) and 
the emulsion stability index (ESI) were 
determined using the method described by 
Klompong et al. (2007). Three hundred 
milligrams of protein samples were 
dissolved in 30 ml of deionized water. 
This protein solution was mixed with 10 
ml of sunflower oil, and the pH was 
adjusted to 2, 4, 6, 8 and 10. The mixture 
was homogenized at a speed of 14000×g 
for 1 minute. 
Aliquot of the emulsion was 
homogenized and 15 μl were pipetted from 
the bottom of the container at 0 and 10 min 
after hiomogenization. Afterward the 
sample mixed with 5 ml of 0.1% sodium 
dodecyl sulphate solution. The absorbance 
of the diluted solution was measured at 
500 nm using a spectrophotometer 
(Jenway, 6305, UK). This was used to 
calculate EAI and ESI using the method 
suggested by Pearce and Kinsella (1978): 
Protein content in supernatant
Solubility = ×100
Total protein content in sample
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   
 
2 02×2.303× AEmulsifying activity index EAI  m / g =
0.25× protein weight g
    10
A ×Dt
Emulsion stability index ESI  min =
DA  
Where A0 is the absorbance at 0 minutes 
following homogenization; A10 is the 
absorbance at 10 minutes following 
homogenization; Dt = 10 min; and 
 DA = A0 - A10. 
Foaming properties 
Foaming capacity and stability were 
determined according to the method of 
Sze-Tao and Sathe (2000): 250 mg of each 
protein sample were dissolved in 250 ml of 
distilled water, and the pH was adjusted to 
2, 4, 6, 8 and 10. This protein solution was 
whipped for 3 minutes and poured into a 
100 ml graduated cylinder. The total 
sample volume was taken at the zero 
minutes for foam capacity, and up to 60 
minutes for foam stability. Foam capacity 
and stability were then calculated using the 
following equations: 
   
 
 
Volume after whipping - volume before whipping ml
Foam capacity FC  % = ×100
Volume before whipping ml
   
 
 
Volume after standing - volume before whipping ml
Foam stability FS  % = ×100
Volume before whipping ml  
 Colour measurements 
The colour of the hydrolysate powders was 
evaluated using the Hunter Lab 
colorimeter (model Miniscan XE), 
working with D65 (day light), and a 
measure cell with an opening of 30 mm, 
being used the CIELab colour parameters: 
L*; from black (0) to white (100); a*; from 
green (-) to red (+); and b*; from blue (-) 
to yellow (+) (Kunte et al., 1997). Chroma 
and hue angle (degree) were calculated as 
follows (Hunt, 1977): 
2 2* *chroma a b   
*
1
*tan ( )
bH
a

 
 Amino acid composition 
Dry hydrolysates were dissolved in 
distilled water at 1 mg/ml. Fifty microliters 
of each sample were dried and hydrolyzed 
in vacuum-sealed glass tubes at 110 ºC for 
24 h  in the presence of constantly boiling 
6 N HCl containing 0.1% phenol and using 
norleucine (Sigma–Aldrich, Inc., St. Louis, 
Mo., USA) as the internal standard. Then 
samples were vacuum dried, dissolved in 
the application buffer, and injected into a 
Biochrom 20 amino acid analyzer 
(Pharmacia, Spain).  
 Statistical analysis 
In this study t-test was performed using the 
computer program Graphpad Prism 5 for 
Windows; the confidence level was set at 
P ≤ 0.05. 
 
Results  
Proximate analysis and degree of 
hydrolysis 
In this study, hydrolysis was carried out to 
the similar degree for two different 
sources, allowing for a reliable comparison 
between the two products. The DH of PPH 
and FPH was 15.42±0.8% and 15.4± 0.3%, 
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respectively. Proximate composition of 
raw material and freeze-dried protein 
hydrolysates are displayed in Table 1.  
Protein, ash, fat, and moisture of raw 
materials and protein hydrolysates from 
both sources was statistically different 
(p<0.05); the moisture, fat and ash in raw 
materials were higher than those for the 
protein hydrolysates, while both 
hydrolysates demonstrate more protein 
content than do the corresponding raw 
materials. The ash content of the PPH was 
higher than FPH. 
Table 1: Proximate composition (%) of the freeze dried protein hydrolysate and the raw materials (n = 3) 
  
Amino Acid Profile 
The amino acid composition of both 
protein hydrolysates, expressed as residues 
per 1000 residues, is shown in Table 2; the 
most abundant amino acid was Glycine 
(>29%). The total amino acid content of 
both FPH and PPH was 9.5% and 16.6%, 
respectively.  PPH had more Hyp and Hyl 
content versus the FPH. Instead FPH had 
the more hydrophobic amino acids. 
Methionine and histidine in both protein 
hydrolysates were the first and second 
limiting amino acids in comparison with 
the reference proteins.  
Functional properties 
 Solubility 
The solubility of PPH and FPH in the pH 
range of 2–12 is shown in Figure 1; the 
maximum solubility of the two 
hydrolysates was over 96%, and FPH was 
more soluble than PPH. The least 
solubility of FPH and PPH was in pH 4 
and 5, respectively.  
2 3 4 5 6 7 8 9 10 11 12
70
80
90
100
110
PPH
FPH
pH
%
 
Figure 1: Solubility of poultry by-products protein 
hydrolysates (PPH) and rainbow trout protein 
hydrolysate (FPH) prepared by Alcalase as 
influenced by pHs. 
 Moisture Fat Protein Ash 
Poultry by-product 66.90± 1.65a 7.86±0.46a 20.85±0.76b 10.62±0.88a 
PPH 3.78±0.04b 0.7±0.1b 84.66±0.09a 4.70±0.34b 
Rainbow trout viscera 71.65± 0.89a 13±0.76a 15±0.063b 2.73±0.89a 
FPH 3.45± 0.02b 0.8±0.6b 88.32±0.07a 1.14±0.88b 
Results reported are means of triplicate samples ± standard deviation. Values in the same column with 
different superscripts are significant different at P < 0.05 
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Water Holding Capacity and Oil 
Absorption Capacity 
In this study, FPH had a significantly 
higher WHC (5.1±0.2 ml /g hydrolysate) 
than PPH (2.8 ± 0.2 ml /g hydrolysate) (p 
< 0.05). Also FPH and PPH showed 
similar OAC (3.1± 0.12 ml and 2.8±0.10 
ml /g hydrolysate, respectively).  
 
 
Emulsifying Properties 
Proteins have the ability to stabilize food 
emulsions. The emulsifying activity index 
(EAI) and the emulsion stability index 
(ESI) of both hydrolysates are shown in 
Figure 2; FPH has higher emulsifying 
activity than does PPH at different pHs 
(p<0.05).  
ESI
2 4 6 8 10
0
50
100
150
200
PPH
FPH
pH
%
EAI
2 4 6 8 10
0
20
40
60
80
100
PPH
FPH
pH
m
2
/g
 
Figure 2: Emulsifying activity and stability of rainbow trout viscera protein hydrolysates (FPH) and 
poultry by-products protein hydrolysate (PPH) prepared by Alcalase at different pHs. 
The maximum and minimum EAI was at 
pH 10 and 4 for both hydrolysates and 
FPH showed a higher ESI than PPH. 
Foaming Properties 
Results for PPH and FPH foaming 
capacity and stability are shown in Figure 
3. FPH shows a significantly (p<0.05) 
higher foaming activity index (FAI) than 
the PPH, but the foaming stability index 
(FSI) of both protein hydrolysates was the 
same. In this study, the highest foam 
stability was found at pH=6, while 
stability decreased at both an acidic or 
basic pH. Also Low foam stability in 
acidic pH was related to poor solubility at 
pH=4.  
Colour Measurement 
In order to evaluate how hydrolysis 
influences the color of the hydrolysates, 
lightness (L*), redness (a*) and 
yellowness (b*) of the powders were 
measured. The experimental L*, a* and b* 
mean values have been shown in Table 2. 
PPH had higher lightness value than FPH 
(p< 0.05), with lower a* and b* values (p< 
0.05). Color data showed that FPH protein 
hydrolysate has a more yellowish color 
and is darker than PPH. PPH powder had a 
white appearance with minimal poultry 
odor and taste. 
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FSI
2 4 6 8 10
0
50
100
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PPH
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pH
%
FAI
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Figure 3: Foaming capacity and stability of rainbow trout viscera protein hydrolysates (FPH) and poultry 
by-products protein hydrolysate (PPH) prepared by alcalase at different pHs. 
Table 2: Hunter lab color parameter values of rainbow trout viscera protein hydrolysate (FPH) and 
poultry by-products protein hydrolysate (PPH) 
Sample  Hunter color 
parameters 
   
 L* a* b* H
◦ chroma 
FPH 68.9 ± 0.9b - 3.73 ± 1.2a 18.4 ± 0.7a -78.54 18.77 
PPH 78.8± 0.7a - 4.71± 0.9b 11.1± 0.7b -67 12/06 
Discussions 
In the present study functional properties 
of protein Hydrolysates from poultry by-
products and rainbow trout was compared. 
The ash content of the PPH was higher 
than FPH, most likely due to the use of 
head and legs for the production of the 
protein hydrolysate. These sources contain 
a negotiable amount of bone, which is the 
major source of minerals in the 
hydrolysate. The low fat content of PPH 
and FPH demonstrate that centrifugation 
efficiently separates the fat moiety that is 
released from enzymatic hydrolysis. 
Nilsang et al. (2005) report the protein 
hydrolysate has a low fat content which 
can enhance the product’s stability. With 
respect to protein content, similar results 
were reported by other authors for 
different fish and degrees of hydrolysate 
(Kristinsson and Rasco, 2000; Gbogouri et 
al., 2004).  
The increased solubility of protein 
hydrolysates compared to that of the 
original protein is due to a loss of 
secondary and tertiary protein structure 
and to the release of small peptides 
(Chobert et al., 1988). Proteins and protein 
hydrolysates have the lowest solubility at 
the isoelectric point (pI) (Kristinsson and 
Rasco, 2000). The least solubility of FPH 
and PPH suggesting PPH has a different 
isoelectric point than does FPH. Solubility 
variations could be attributed to both the 
net charge of peptides that increase as pH 
moves away from pI and surface 
hydrophobicity, which promotes 
aggregation via hydrophobic interaction 
(Sorgentini and Wagner, 2002). The high 
solubility of both hydrolysates over a wide 
range of pH is due to the low molecular 
weight of the peptides, which are also 
quite rich in hydrophilic amino acids. 
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Imino acids are abundantly present in 
connective tissue and skin that contains 
collagen (Taheri et al., 2011). The higher 
levels of glycine, hydroxyproline, and 
proline in PPH indicate that higher 
amounts of connective tissues were present 
in the raw material during the production 
of this protein hydrolysate. During the 
enzymatic hydrolyzing process, shaking 
introduced oxygen into the water and 
protein oxidation may have taken place. 
Furthermore, the heat treatment performed 
at the end of the procedure to denature the 
proteases may have caused the partial 
decomposition of these amino acids. 
Fish protein hydrolysates have an 
excellent water holding capacity (WHC) 
and can increase the cooking yield 
(Kristinsson and Rasco, 2000). The 
increased concentration of polar groups 
such as COOH and NH2 that is caused by 
enzymatic hydrolysis has a substantial 
effect on the amount of adsorbed water 
(Kristinsson and Rasco, 2000). In 
agreement with our results about of WHC, 
a similar trend was observed for shark 
protein hydrolysate in water absorption 
from 5 to 8 ml/g of sample in different 
DHs: 6.5, 13.0 and 18.8% (Diniz and 
Martin, 1996). The WHC of minced cod 
was reported to be 12% for FPH obtained 
from frozen backbones and 16% for FPH 
that was obtained from fresh backbones 
and also in cuttlefish protein hydrolysate 
reported from 2.5 to 5.5 ml/g of sample (in 
different DHs: 5.0, 10.0 and 13.5%) 
(Šližytė et al., 2009; Balti et al., 2010). 
The obtained results indicate that FPH, 
having more hydrophilic polar side chains, 
can absorb more water in comparison to 
PPH. FPH contains more glutamic and 
aspartic acids (Table 3) than PPH, and 
these residues can bind almost 3 times 
more water than non-ionizable polar 
groups (Deeslie and Cheryan, 1988). 
These results also suggest that the 
hydrolysates could be used as an additive 
in intermediate-moisture (IM) foods to 
bind water and improve texture (Chiang et 
al., 1999).  
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Table 3:  Amino acid composition of poultry by-products hydrolysate (PPH) and rainbow trout viscera 
hydrolysate (FPH).
OAC showed the quantity of oil is bound by 
the protein and it is an important functional 
characteristic for the meat and confectionary 
industries (Gbogouri et al., 2004). Hydroxy 
proline content affects OAC, and a powder 
containing higher amounts of charged amino 
acids, such as aspartic acid, glutamic acid, 
lysine and arginine is able to absorb more fat 
(Šližyte et al., 2009). The OAC values of this 
study are similar to those found for grass carp 
skin hydrolysates, which were from 3.6 to 2.4 
ml oil/g hydrolysate (Wasswa et al., 2007), 
Amino acids Number of residues/1000 residues 
 PPH FPH 
Asx 34 65 
Thr 16 22 
Ser 45 36 
Glx 45 67 
Pro 71 66 
Gly 340 229 
Ala 64 63 
Cys 8 6 
Val 43 57 
Met 22 29 
Ile 18 51 
Leu 34 64 
Tyr 30 63 
Phe 14 23 
His 16 18 
Lys 33 46 
Arg 41 55 
Hyl 31 12 
Hyp 95 28 
Total 1000 1000 
Imino Acids 166 95 
Determinations were performed in triplicate and data correspond to mean values.Asx = Asp + Asn; Glx = Glu + Gln. 
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but lower than those reported for red salmon 
head (Sathivel et al., 2005). 
In this study, the emulsifying 
properties of two different protein 
hydrolysates at the same DH have been 
compared. When each enzyme needs a 
specific side chain on protein for action, the 
same DH is not equivalent to the same 
peptide length. It is concluded that 
differences in the EAI and ESI values from 
two different protein hydrolysates are derived 
from the different nature of peptides that are 
produced during hydrolysis. Based on the 
research of Chobert et al. (1988), Peptides 
with low molecular weight may not be 
amphiphilic enough to exhibit good 
emulsifying properties. However, Kristinsson 
and Rasco (2000) mentioned that there is no 
clear connection between peptide size and 
emulsification, suggesting that the physical 
and chemical characteristics of the peptides 
may play an important role in functional 
properties. 
It is reported that amino acid 
composition, sequence of the polypeptide and 
its amphiphilic character is more important 
than the peptide length in emulsion properties 
(Rahali et al., 2000). 
Poultry by-products contain skin 
collagen and this could affect on the amino 
acid profile of produced PPH (Table 2). Skin 
collagen contains a noticeable amount of 
Imino acids such as hydroxyproline (Taheri 
et al., 2009). The amino acid profiles showed 
hydroxyproline and hydroxylysine in PPH 
was higher than FPH. This may cause a 
higher degree of protein–protein interaction 
via hydroxyl groups from Hyl and Hyp. 
Furthermore, FPH has higher protein content 
in hydrophobic residues. These may lead to a 
more hydrophilic/hydrophobic distribution of 
the amino acids which, as discussed above, 
has been reported to be more relevant to the 
length of the peptides that affect emulsifying 
properties (Rahali et al., 2000). Giménez et 
al. (2008) report the same result for squid 
skin hydrolysate: due to the higher content of 
hydroxylated amino acid. 
The maximum and minimum EAI 
was at pH 10 and 4 for both hydrolysates. 
The tendency was similar to that of protein 
solubility. A significant increase in EAI at 
pH=10 may be due to higher quantities of 
soluble proteins generated by hydrolysis 
under alkaline conditions (P<0.05). Factors 
such as blending speed, protein source, 
temperature, pH, type of oil added, and water 
content can influence emulsion capacity 
(Linder et al., 1996). Environmental pH also 
affects emulsifying properties by changing 
the solubility and surface hydrophobicity of 
proteins, as well as the charge of the 
protective layer surrounding the lipid 
globules. Ions alter the electrostatic 
interactions, conformation, solubility of the 
proteins, and hydrophilic–lipophilic balance 
(Sikorski, 2002). At highly alkaline pH, 
polypeptides can be unfolded due to negative 
charges. Repulsion could be resulted from 
this change and allowing for better 
orientation at the interface (Pacheco-Aguilar 
et al., 2008). This could result in a more 
efficient exposure of hydrophilic and 
hydrophobic residues in these peptides, 
promoting a major interaction at the oil-water 
(O:W) interface. Since the lowest solubility 
occurred at pH 4 and 5 for FPH and PPH, 
respectively, peptides could not move rapidly 
to the interface. Additionally, the net charge 
of the peptide will be minimized at these pH 
values. The higher EAI of the hydrolysates 
accompanied their increased solubility. 
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Hydrolysates with high solubility can rapidly 
diffuse and adsorb at the interface, as noted 
by Klompong et al. (2007) study on yellow-
striped trevally protein hydrolysate. 
In this study FPH showed a higher 
ESI than PPH, which means that FPH cannot 
produce a stable emulsion. An increase in 
ESI with the increase in pH values after the 
isoelectric point had been attributed to the 
formation of changed layers around fat 
globules, causing mutual repulsion and 
forming a hydrated layer around the 
interfacial material (Aluko and Yada, 1995). 
Results suggest that peptides of the poultry 
by-products and rainbow trout hydrolysate 
have different amino acid composition and 
leading to a varying charge at a particular pH, 
and so different EAI, and ESI values.  
Foam formation is governed by three 
different factors: the transportation, 
penetration and reorganization of molecules 
at the air–water interface (Wilde and Clark, 
1996). A protein that can produce good 
foaming properties must be capable of 
rapidly migrating to the air–water interface, 
thereby lowering the surface tension, rapidly 
unfolding and reorganizing its structure 
(Martin et al., 2002). It should be noted that 
the adsorption rate to the air–water interface 
may be influenced by the molecular size, 
protein structure and hydrophobicity of the 
hydrolysates (Martin et al., 2002). These are 
highly dependent on the parent protein from 
which they are obtained and the hydrolysis 
procedure. The hydrolysis of protein 
produces a range of peptides that possess 
altered hydrophobicity, net charge, and 
conformation in comparison to the native 
molecule. Their reduced molecular weight 
makes them more flexible, form a stable 
interfacial layer and increase the rate of 
diffusion to the interface, which in turn 
improves foaming ability (Wilde and Clark, 
1996).  
FPH peptides that were produced in 
this study were efficiently absorbed and 
denatured in order to sufficiently reduce the 
interfacial tension and form the viscoelastic 
film that is required for an effective foaming 
agent. Conversely, PPH has demonstrated 
weak foaming capacity. Our data about the 
highest foam stability suggests that pH has a 
major effect on foam stability when using 
protein hydrolysate. The decreased foam 
stability at very acidic or alkaline pHs may 
be due to the repulsion of peptides via ionic 
repulsion (Klompong et al., 2007).  
Foam stability is enhanced by flexible protein 
domains that enhance the viscosity of the 
aqueous phase, protein concentration and 
film thickness (Phillips et al., 1994). 
However, according to Damodaran (1996), 
foaming capacity and stability are influenced 
by two different sets of molecular properties 
of protein/peptides that are often 
antagonistic. While the first property is 
affected by absorption rate, flexibility and 
hydrophobicity, the other depends on the 
viscoelastic nature of the film.  
A protein may have excellent foam ability, 
but it may not necessarily produce stable 
foam, and vice versa (Wilde and Clark, 
1996). In the current study, PPH 
demonstrates a weak foaming capacity in 
comparison with FPH, but good foam 
stability. Forming strong films and more 
stable foam could be resulted by 
reorganization the tertiary structure of 
proteins at the interface and maintain an 
extensive intermolecular network (protein-
protein interactions) (Liceaga-Gesualdo and 
Li-Chan, 1999). Good foam stabilization of 
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PPH may be due to its amino acid 
composition. As mentioned above, it is high 
in hydroxyproline and hydroxylysine. Pro 
and Lys hydroxylation, which increases the 
number of hydrogen bonds, results in a dense 
protein network that favors foam stabilization 
(Giménez et al., 2008). In this study, peptide 
preparations are able to provide stable foam. 
Foaming properties were mostly affected by 
the peptide structure and amino acid 
composition, net charge of molecules, 
distribution of this charge and hydrophobicity 
(Adler-Nissen, 1986).  
Colour influences the overall acceptability of 
food products and is affected by several 
factors such as species, processing, fat 
content, moisture, light, temperature, 
haemoglobin, myoglobin, and new protein 
ingredients in food formulations (Bueno-
Solano et al., 2008).  
Color data showed that FPH protein 
hydrolysate has a more yellowish color and is 
darker than PPH. PPH powder had a white 
appearance with minimal poultry odor and 
taste, but FPH powder was yellowish and had 
a pronounced fishy odor and taste. Trout 
viscera have different sections of digestive 
tract that contain high colorant pigments. The 
darker, more yellowish color of FPH may be 
due to the higher levels of hemoglobin, 
myoglobin, and other pigments that are found 
in the digestive tract that maintain soluble 
after centrifugation.  
Conclusions 
The results of the current study show that 
rainbow trout viscera protein hydrolysate has 
better functional properties than do poultry 
by-products protein hydrolysate. Enzymatic 
treatment permits the production of 
functional hydrolysates from poultry by-
products with low commercial value. The 
technology of enzymatic hydrolysing makes 
it possible to increase direct human 
consumption of vastly underutilized protein 
sources.  
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